with which the T cell uses signaling to build large supraself-MHC-peptide complexes. Thymocytes undergo molecular assemblies and the potential for differential apoptosis if they express a TCR with a "strong" interacassembly of these complexes to dictate distinct biologition with any self-protein segment, or if there is no intercal outcomes of TCR activation provide a unique opporaction with self-MHC peptide complexes. Conversely, tunity to further understand this process. thymocytes proliferate and differentiate into mature T Currently there are a limited number of observations cells if they express a TCR that has a "weak" interaction of molecular events in immunological synapse formation with self-protein sequences and, hence, provide the poand our understanding of the molecular basis of this tential for stronger recognition of foreign protein seprocess is based on an array of model systems where quences in the future. Defining "strong" and "weak" the relationship to the entire process of immunological in this context requires an understanding of how TCR synapse formation is not entirely clear. Nonetheless, it interact with MHC-peptide complexes and how these is useful that the physiological T cell activation process interactions are linked to downstream events in T cell can be broken down into a series of discrete steps. In activation. some cases the model systems used to test molecular The activation of the mature T cell requires interaction requirements for TCR-induced morphologic alterations of the TCR and MHC-peptide complexes in a specially relate only to one or two of these steps, rather than the organized cell-cell junction between the T cell and the entire process. Hence, the best way to organize diverse APC that has been aptly described as an immunological information about the molecular basis of immunological synapse (Norcross, 1984; Paul and Seder, 1994). The synapse formation and full T cell activation is to use physical interaction of TCR with MHC-peptide comthese steps as an initial framework. Below we discuss plexes is unique among signaling systems in that it takes the morphologically defined stages of T cell activation place over a continuum of kinetic parameters with differand then provide a framework for the molecular basis ent sensitivity thresholds at different points in developof this process in terms of basic building blocks of cyment. When appropriately engaged, the TCR becomes toskeleton, membrane structure, and signaling. the epicenter for assembly of an intensively studied signaling complex. The immediate and long-term response of T cells to MHC-peptide complexes is subject to tun-
. As we will discuss below, the Vaccinia system has several parallels to TCR-mediated signaling. WASP olds, then signaling and immunological synapse formation (4) are initiated. The synapse must be stabilized (5) and Arp2/3 are basic components of the actin polymerizing machinery present in all nucleated cells. However, for several hours for full T cell activation. Termination (6) of the immunological synapse results from repolarizait is the unique ways in which these molecules are recruited to receptors at the surface, and the regulation tion of the T cell to disassemble the cSMAC and migrate away from the APC. We will discuss our current underof an array of actin binding proteins, that shape the resulting assemblies. standing of the mechanisms of these steps below following introduction of two broad concepts.
Excitement about Membrane Domains
Membrane domains have become a focus in many areas The Cytoskeletal Renaissance An important building block of the immunological synof cell biology. Ever since the introduction of fluid mosaic models of membranes, there has been discussion of apse are components of the cytoskeleton. Models for TCR collaboration with actin have been profoundly influthe idea that membranes may be organized into distinct lateral domains with enormous potential to organize proenced by a recent surge in understanding of how surface receptors are linked to actin polymerization. This renaiscesses such as signaling. Early evidence for membrane domains came from fluorescence lifetime measuresance has been fueled by years of biochemical and genetic studies and in the last 10 years by an in vitro ments that identified at least two distinct environments for fluorescent membrane probes in the plasma memmodel based on the rocketing locomotion of intracellular pathogens and viruses in the cytoplasm of infected cells.
brane of live cells, corresponding to lipid phases with different degrees of order of their hydrocarbon chains These studies have identified a common pathway for actin polymerization based on recruitment and activa- (Klausner et al., 1980 based protrusions that are highly reactive to MHCthat is transiently established in response to the appropeptide complexes. The step of cell polarization prepriately processed antigen in the form of an MHCpares the T cells for antigen recognition even before peptide complex on activated APC, such as a dendritic they touch an APC. cell. The T cell must first encounter the dendritic cell, usually in a secondary lymphoid tissue. Our current understanding of the migration patterns of mature T cells
Step 2: Adhesion It is well documented in vitro and in vivo that T cell and activated dendritic cells provides a mechanism for this encounter (Forster et al., 1999) . Chemokines, such activation requires activity of adhesion receptors. Adhesion receptors are used for physical anchorage and to as secondary lymphoid tissue chemokine (SLC), trigger both naïve and some memory T cells to pass through provide feedback to the cell about its environment, thus adhesion and signaling are essentially inseparable high endothelial venules to enter the T cell area of lymph nodes. At the same time, SLC attracts activated den-(Springer, 1990). The abundance of appropriate MHCpeptide complexes is too low to mediate significant addritic cells from the tissues into lymphatics that allow these cells access to T cell areas of lymph nodes where hesion. Therefore, adhesion receptors are required for efficient TCR engagement. There are several classes of the dendritic cells extend an elaborate web of membrane processes to facilitate contact with many T cells. This adhesion receptors that are thought to be important on T cells. These include integrin family members like LFA-1 migration pattern brings these cells into the same arena, but chemokines also induce important changes in the interacting with binding partner ICAM-1 and VLA-4 interacting with VCAM-1 and immunoglobulin superfamily T cell that are critical for immunological synapse formation.
members like CD2 interacting with CD58 (human) or CD48 (rodent), and CD28 interacting with CD80 or CD86. Chemokine receptor signaling shares components with TCR signaling, but is very different in its kinetics All of these molecules are implicated in both physical adhesion and signaling in multiple studies. The corecepand function ( Figure 1D ). Chemokine receptor signaling in the context of polarity and migration is fast and trantors CD4 and CD8 are also members of the immunoglobulin superfamily that appear to have roles in both adhesient, in contrast to TCR signaling that is sustained over hours. 
